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A 41-year-old man with Brugada syndrome, who had been implanted with an ATLASþDR V-243 (St.
Jude Medical, Inc., St. Paul, MN, USA) dual-chamber implantable cardioverter deﬁbrillator (ICD) for
secondary prevention of arrhythmia, received an inappropriate shock. The ventricular ﬁbrillation (VF)
zone was programmed to deliver maximum output shock therapy at a detection threshold of greater
than 214 beats per min, and 12 consecutive instances of crossing the threshold constituted 1 VF. The
monitoring zone was programmed to detect heart rates of greater than 160 beats per min with all
supraventricular tachycardia (SVT) discriminators in the ‘‘ON’’ mode, and 12 consecutive instances of
the heart rate exceeding 160 beats per min constituted 1 SVT. The ICD shock was delivered after an
episode of sinus tachycardia that continued for 3 min 15 s. The monitoring zone is effective for
detecting asymptomatic ventricular tachycardia or SVT, and therapy is not usually set up in this zone.
Here, we report the possibility that in some patients implanted with certain types of ICD devices, the
monitoring zone may become a factor in the delivery of an inappropriate shock.
& 2012 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
Patients with Brugada syndrome who have a history of
ventricular ﬁbrillation (VF) are usually implanted with implan-
table cardioverter deﬁbrillators (ICDs) for secondary prevention of
arrhythmia. Some patients with Brugada syndrome who do not
have a history of VF are also implanted with ICDs for primary
prevention of arrhythmias. In some of these cases, inappropriate
shock has become a major problem in therapy. The majority of
inappropriate shocks are delivered because of sinus tachycardia,
atrial tachycardia, atrial ﬂutter, or atrial ﬁbrillation [1].
Here, we report a case of inappropriate shock resulting from
supraventricular tachycardia (SVT) and premature atrial contrac-
tion (PAC) that were within the range of the monitoring zone.2. Case report
A 41-year-old man with Brugada syndrome who was
implanted with an ATLASþDR V-243 (St. Jude Medical, Inc.,
St. Paul, MN, USA) dual-chamber ICD for secondary prevention
of arrhythmia received a shock 3 years after implantation of thert Rhythm Society. Published by E
l, Division of Clinical
umi, Minami-ku, Hiroshima,
suzaki).device. The VF zone was programmed to deliver maximum output
shock therapy at a detection threshold of greater than 214 beats
per min, and 12 consecutive instances of crossing the threshold
would constitute 1 VF. The monitoring zone was programmed to
greater than 160 beats per min with all SVT discriminators in
the ‘‘ON’’ mode, and 12 consecutive instances of the heart rate
exceeding 160 beats per min would constitute 1 SVT. The
following interrogation data were normal: sensing right atrium
(RA),43.0 mV; sensing right ventricle (RV),412.0 mV; RA lead
impedance, 540 O; RV lead impedance, 530 O; high voltage (HV)
lead impedance, 48 O.
The ICD shock was delivered following sinus tachycardia that
continued for 3 min 15 s (Fig. 1). The SVT in stored electrograms
(EGMs) showed a 1:1 atrioventricular (AV) conduction, and the
AV interval was 180 ms. In addition, the maximal onset delta
measurement of sudden onset was 10 ms, so elevation of the
heart rate was gradual (Table 1). SVT was detected by the ICD 68
times during the sinus tachycardia episode. Fig. 2 represents the
monitoring zone at the start of sinus tachycardia. EGM revealed
that irregularly appearing PACs during sinus tachycardia were
cumulatively counted as VFs (Fig. 3).3. Discussion
When an implanted ICD is set up in patients with a history of
VF, only the VF zone is usually chosen. However, it is also possiblelsevier B.V. All rights reserved.
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Fig. 1. EGM at the time of inappropriate shock. An arrow shows the inappropriate shock. From top to bottom: (A), atrial; (V), ventricular electrogram and marker channel.
Table 1
The maximal onset delta measurement of sudden onset was 10ms. Sudden onset compares IA before
2,4,6,8 beats with IA when it was classiﬁed in VT zone.
SVT criteria statistics
Number of SVT diagnoses during this episode: 68
Measured SVT discriminator values for episode:
Min match score 73%
Max non-match score N/A
Max onset delta 10 ms
trigger
( A )
( V )
( marker )
Fig. 2. Start of the monitoring zone. AS, atrial sensing; VS, ventricular sensing; SVT, supraventricular tachycardia; T tachycardia. Start of the monitoring zone was indicated
by trigger.
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rate zone in which the device will detect ventricular tachycardia
(VT) without administration of any therapeutic intervention [2].
The monitoring zone is effective for patients with asymptomatic
VT or SVT. If asymptomatic VT or SVT is detected using the
monitoring zone, the device can be programmed to delivery
specialized therapy for these arrhythmias as necessary.
In the current case, an ICD shock was delivered to the patient
following sinus tachycardia that did not fulﬁll the 12 consecutive
interval criteria for VF detection. The ICD shock was initially
canceled by the SVT discriminators, but it was eventually deliv-
ered. The cause of the inappropriate ICD shock in this case was as
follows: the monitoring zone was in the ‘‘ON’’ mode and PACs
that occurred during sinus tachycardia entered the VF zone and
accumulated, thereby fulﬁlling the programmed VF counts. Thisoccurred because of a monitoring zone algorithm of the St. Jude
Medical ICD, which adopts a binning method for arrhythmia
detection. The binning method classiﬁes the detection of VT/VF
by an interval average (IA) and current interval (CI). The CI is the
last interval and the IA is the average of 4 intervals, including the
CI. According to Table 2, when we classiﬁed CI and IA, the count of
the providing zone increased. However, one characteristic of this
device is that the VF bin is counted cumulatively, even if each bin
occurred separately. In this case, IAs caused by sinus tachycardia
were classiﬁed as VTs. In addition, the VF count increased if a CI
caused by PACs was in the VF zone. The ICD shock was delivered
after 3 min 15 s of sinus tachycardia because the VF counter
requirement was fulﬁlled. When the VF counter was reset, no ICD
shock was delivered. Resetting of the VF counter required 5 con-
tinuous V–V intervals longer than the set monitoring zone (Fig. 4).
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Fig. 3. Stored electrograms (EGMs) revealed the irregular appearance of supraventricular extrasystoles during sinus tachycardia (F, ﬁbrillation). The arrows were classiﬁed
as ‘‘not binned’’.
Table 2
It is a classiﬁcation list of CI and IA. Binned evaluates CI and IA, and an either count of sinus/ VT/ VF
increases. But it is distributed in no binned when it was classiﬁed in Not Binned.
Current interval Interval average Binned
Sinus Sinus Sinus
VT VT VT
VF VF VF
VT Sinus Not Binned
VF Sinus Not Binned
VF VT VF
VT VF VF
sinus redetection 
( A )
( V )
( marker )
Fig. 4. The sinus redetection satisﬁes criteria for successful sinus redetection and indicates that the VF counter was reset. An arrow shows that the IA and CI were classiﬁed
as sinus.
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outside of the monitoring zone. In this case, IAs caused by sinus
tachycardia were always classiﬁed in the VT bin. Therefore, it was
difﬁcult to reset the VF counter. SVT discriminators evaluated SVT
or VT every 6 beats. As for the other models presented in Table 3,
a similar inappropriate shock may occur. However, St. Jude
Medical already modiﬁed the algorithm in more recent models(Table 4), and this type of inappropriate discharge becomes less
likely in patients implanted with the recent ICD models. The
modiﬁed binning method for arrhythmia detection in recent ICD
models resets the VF counter when SVT discriminators evaluate
the SVT.
Inappropriate shocks can be avoided in the following ways
while using a monitoring zone: (1) not setting a monitoring zone;
Table 4
These models that a conventional binning method was improved. When SVT discriminators evaluated SVT, these models reset VF counter.
CRT-D ICD-DR ICD-VR
Promote 3207-36 Atlas IþDR V-268 Current VR 1207-36
PromoteþCD3211-36 Current DR 2207-36 AnalyST VR CD1217-36
PromoteþCD3211-36Q CurrentþDR CD2211-36Q AnalyST VR CD1217-36Q
Unify CD3235-40 AnalyST DR CD2217-36 Fortify ST VR CD 1235-40
Unify CD3235-40Q AnalyST DR CD2217-36Q Fortify ST VR CD1235-40Q
Fortify ST DR CD2235-40
Fortify ST DR CD2235-40Q
Table 3
These models may cause similar inappropriate shock.
CRT-D ICD-DR ICD-VR
AtlasþHF V-340 AtlasþDR V-243 AtlasþVR V-193
EpicþHF V-338 EpicþDR V-239 Epic VR V-196
EpicþDR V236
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tachycardia; (3) setting the VF zone at a higher rate for evaluating
PAC intervals; (4) increasing the VF detection rate; and (5) decreas-
ing the number of sinus redetections [3]. We changed the settings
on the ICD of our patient using factors (2) through (5). We changed
VT zone from 375 to 330 ms for a reference using event histo-
grams without requiring the patient to undergo a treadmill
exercise test to determine factor (2). To prevent the IA from being
classiﬁed as a VT, we changed the VF zone from 280 to 250 ms (3).
To prevent the CI from being classiﬁed as a VF, we changed the VF
detection interval from 12 to 16 (4). We also extended the time to
VF detection in order to promote sinus redetection, and decreased
the number of sinus redetections from 5 to 3 (5). After these
setting changes, we performed a 9-month follow-up, and no
similar episode was recorded. The maximal heart rate obtained
from the histogram was 120 bpm during follow-up. We believe
that the patient withheld himself from performing intense exer-
cise and so we cannot determine whether the setting changes
were effective in preventing inappropriate shock.
In a recent report, inappropriate shocks were found to be
associated with a higher risk of all-cause mortality.[4] Tzeis et al.
[5] summarized the available tools and plans that could be followed
to reduce inappropriate shocks. The total incidence of VT in Brugada
syndrome is low, and a high VF zone and 1-zone conﬁguration are
effective in preventing inappropriate shocks [6–8]. Almost all
patients with Brugada syndrome who receive ICD implants are
young, and sinus tachycardia can easily enter the monitoring zone.
Veltmann et al. reported that they did not use a monitoring zone
because of the high risk of inappropriate shock [1,9].
It is important to make every effort to avoid inappropriate
shock delivery in these patients because shocks below the level ofconsciousness cause mental distress and anxiety. Our case should
serve to caution physicians of the risks related to the use of a
monitoring zone in ICDs.Conﬂict of interest
No conﬂict of interest declared.
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